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Interleukin-4 (IL-4) produced from Th2 cells modulates both innate and adaptive immune responses. It is a common belief that
wild animals possess better immunity against diseases than domestic and laboratory animals; however, the immune system of
wild animals is not fully explored yet. Therefore, a comparative study was designed to explore the wildlife immunity through
characterisation of IL-4 cDNA of nilgai, a wild ruminant, and Indian buffalo, a domestic ruminant. Total RNA was extracted from
peripheral blood mononuclear cells of nilgai and Indian buffalo and reverse transcribed into cDNA. Respective cDNA was further
cloned and sequenced. Sequences were analysed in silico and compared with their homologues available at GenBank. The deduced
135 amino acid protein of nilgai IL-4 is 95.6% similar to that of Indian buffalo. N-linked glycosylation sequence, leader sequence,
Cysteine residues in the signal peptide region, and 3
򸀠 UTR of IL-4 were found to be conserved across species. Six nonsynonymous
nucleotide substitutions were found in Indian buffalo compared to nilgai amino acid sequence. Tertiary structure of this protein in
both species was modeled, and it was found that this protein falls under 4-helical cytokines superfamily and short chain cytokine
family.PhylogeneticanalysisrevealedasingleclusterofruminantsincludingbothnilgaiandIndianbuffalothatwasplaceddistinct
from other nonruminant mammals.
1. Introduction
The discoveries of Interleukin-1 (IL-1) and IL-2 led to a
better understanding of the effects of ILs, and till now more
than 40 cytokines are discovered with specific functions
[1]. Interleukin-4 (IL-4) is one of the extensively studied
cytokines which induces specific functions in wide range
of immune cells defining its pleotropic character [2]. IL-
4 was identified originally as a B cell growth factor-1 in
mice [3] and was subsequently shown to modulate other
cellularinteractionsofimmuneresponse[4].Itistheprimary
cytokine which promotes the development of Th2 effector
cells and antagonises the activity of interferon gamma (IFN-
𝗾)induceddevelopmentofTh1cells[5,6].Uponactivationby
IL-4, Th2 cells subsequently produce additional IL-4. These
cytokines act synergistically with IL-5 to either activate IgE
producing B cells or induce isotype switching and enhance
IgE mediated responses in allergy and asthma [7–9]. IL-
21 that was discovered recently is homologous to IL-4 in
its ability to modulate both innate and adaptive immune
responses[10].WidediversityofIL-4activityreportedtodate
suggests that it is a key regulator in humoral and adaptive
immunity.
The gene encoding IL-4 is found in chromosomes 11, 5,
and 7 in mouse [11], human [12], and cattle [13], respectively.
In mouse and human, the gene comprises 4 exons spanning
6kband10kb,respectively[14,15].Thiscytokinewasinitially
cloned and characterised in mouse and human [16–18].
Further exploration was carried out by characterising it in
domesticanimalslikedog[19],cat[20],camel[21],horse[22],2 The Scientific World Journal
pig [23], and so forth. In addition, IL-4 of some ruminants
like cow [24], African buffalo [25], sheep [26], and goat [6]
was also previously cloned and identified. In addition, IL-
4 has been identified and reported in chimpanzee [27]a n d
bottle-nosed dolphin [28]. Wild animals are presumed to
possessstrongerimmunesystemascomparedtotheirdomes-
tic counterparts. Due to difference in habitat/environment,
the immunefunctionof wild animalscould be different from
that of laboratory bred/domestic animals [29]. A comparison
of sequence encoding IL-4 among various wild and domestic
species could explain the difference, if any, in structure and
function with respect to this cytokine. Indian buffaloes are
the centre of dairy industry and are fast replacing indigenous
cattle in contribution towards total milk production of India.
InIndia,nilgaiissympatricwithonedomesticruminant,that
is, Indian buffalo. The present study reports the characterisa-
tion of IL-4 of nilgai (Boselephus tragocamelus)a n dI n d i a n
buffalo (Bubalus bubalis) as a model for the comparison of
wild versus domestic ruminants of Bovidae family and their
phylogenetic lineage.
2. Materials and Methods
2.1. Sample Collection and RNA Isolation. Total RNA was
isolated from peripheral blood mononuclear cells (PBMs).
Blood was obtained aseptically by jugular puncture from
nilgai maintained in semicaptivity at Deer Park, Indian
Veterinary Research Institute (IVRI), Izatnagar, and Indian
buffalo from slaughter house, Bareilly. PBM cells were
extracted using Histopaque 1077 (Sigma, USA) density gra-
dientcentrifugationfollowingamethodpreviouslydescribed
[30] and stimulated with Concanavalin A (Con A) at the
concentration of 10𝜇g/mL for 20h at 37
∘Ci nah u m i d i fi e d
incubator with 5% CO2. Total RNA of both the samples was
isolatedusingTrizolLSreagent(LifeTechnologies,NewYork,
NY) following the manufacturer’s instructions.
2.2. cDNA Synthesis and Amplification. Two respective first
strands of cDNA were synthesized at 37
∘Cf r o mt w oR N A
samples by using oligo dT primers (Promega, Madison, WI).
Nilgai and Indian buffalo IL-4 genes were amplified from
their respective cDNA using specific oligonucleotide primers
(Forward5
򸀠-TAATGGGTCTCACCTACCAG-3
򸀠 andReverse
5
򸀠-TTCAGCTTCAACACTTGGAG-3
򸀠) designed based on
thesequenceofcattle(AccessionNM 173921.2).Theoligonu-
cleotide primers were designed using OLIGO 4.0 software
(USA). The IL-4 specific cDNAs were amplified using
sequencespecificprimers(50pmol/𝜇L)1.0𝜇Leach;T emplate
cDNA 1.0𝜇L; dNTPs (10mM) 1.0𝜇L; 10X Taq polymerase
buffer 5𝜇L; 25mM MgCl2 3𝜇L; Taq DNA polymerase (MBI
Fermentas, 5U/𝜇L) 1.0𝜇L ;a n dn u c l e a s ef r e ew a t e rm a k i n g
final reaction mixture of volume 50𝜇L. PCR amplification
program followed was: 95
∘Cf o r5m i n ,3 5r e p e a t e dc y c l e so f
1mindenaturationat94
∘C,1minannealingat60
∘Cand1min
extension at 72
∘C, and one cycle of final extension at 72
∘C
for 10min. The PCR amplified product was analysed on 1%
agarose gel containing ethidium bromide along with DNA
molecular weight marker.
2.3. cDNA Cloning and Sequencing. The amplified products
were purified from the agarose gel using Gel extraction Kit
(Qiagen,Germany).NilgaiIL-4PCRproductwasclonedinto
pTZ57R/T vector (MBI Fermentas, MD) and buffalo ampli-
fied product using pGEMT-Easy (Promega, Madison, USA)
vector following the manufacturers’ protocol and further
screened by blue white screening. The recombinant plasmids
were characterized by restriction enzymes NotI, PstI, NcoI,
and EcoRI (MBI Fermentas, MD) and by PCR using gene
specific primers predicted from cattle IL-4 sequence.
2.4. Sequencing and Analysis. The characterized plasmids
weresequencedusingT7andSP6universalprimerusingABI
PRISM 377 Version 3.0 DNA sequencer (Applied Biosystem,
Foster city, CA). The nucleotide sequences of both insert IL-
4w e r efi r s tB L A S Ta n a l y z e d( http://www.ncbi.nlm.nih.gov/)
a n df u r t h e rs u b m i t t e dt oG e n B a n k .M u l t i p l es e q u e n c ea l i g n -
m e n tw a sc a r r i e do u tw i t hI L - 4g e n es e q u e n c e so fn i l -
gai and Indian buffalo with its homologues from other
s p e c i e sl i k ec a t t l e( Bos taurus) (GenBank Accession no.
NM 173921), African buffalo (Syncerus caffer) (EU000421),
goat (Capra hircus)( U 3 4 2 7 3 ) ,s h e e p( Ovis aries)( M 9 6 8 4 5 ) ,
pig (Sus scrofa)( J F 9 0 6 5 1 2 ) ,c a m e l( Camelus dromedarius)
(HM051106), red deer (Cervus elaphus) (L07081), giraffe
(Giraffa camelopardalis) (EU000423), bison (Bison bona-
sus) (EU000422), llama (Lama glama) (AB107648), dog
(Canis lupus familiaris)( N M001003159), cat (Felis catus)
(NM 001043339), and bottle-nosed dolphin (Tursiops trun-
catus) (AB020732).
Amino acid sequences were predicted using DNA Star
software (Lasergene). Nucleotide and deduced amino
acid sequence were aligned to predict phylograms
using Mega 5.1 software [31]. Nilgai and Indian buffalo
IL-4 protein structure was predicted using PHYRE2
software (Protein Homology/analog Y Recognition Engine;
http://www.sbg.bio.ic.ac.uk/phyre2). The N-glycosylation
sites were predicted using HIV sequence database (http://
www.hiv.lanl.gov).Leaderpeptidecleavagesitewaspredicted
using SignalP 4.1 server (http://www.cbs.dtu.dk)[ 32].
3. Results
The concentration of RNA was measured using UV spec-
trometer, and the purity and integrity were checked by
analyzingtheratioofopticaldensity(OD)at260and280nm.
The ratios of OD260/OD280 in total RNA from nilgai and
Indian buffalo were found to be 1.83 and 1.85, respectively.
AmplificationofcDNAthroughPCRwasconfirmedthrough
agarose gel electrophoresis which gave a product size 417bp
in both the cases. Purified PCR product of respective species
was cloned, and the recombinant plasmid was characterized
by restriction analysis (Figure 1, Lanes 2–5) and sequenc-
ing. Recombinant plasmid was linearised by digesting with
BamH1 (Figure 1, Lane 1); insert was released from vector
using NotIe n z y m e( Figure 1, Lane 2). The presence of insert
was confirmed by digesting recombinant plasmid with PstI
which yielded a single band of around 200bp (Figure 1,L a n e
3). Digestion with NcoIy i e l d e dp r o d u c to fa p p r o x i m a t e l yThe Scientific World Journal 3
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Figure 1: Characterization of recombinant plasmid containing nil-
gai IL4 by PCR and restrictiondigestion. L1: linearised recombinant
plasmid using BamHI enzyme, M: 100bp DNA ladder, L2: insert
release using NotI enzyme, L3: PstI digest, L4: NcoI digest, and L5:
EcoRI digest.
70bp (Figure 1, Lane 4), and EcoRI yielded two fragments
around 134 and 270bp (Figure 1, Lane 5). Since the results of
characterization of buffalo and nilgai plasmids in agarose gel
electrophoresis were identical, the results of nilgai IL-4 are
shown in Figure 1.
The sequences encoding nilgai and Indian buffalo IL-4
cDNA were assigned GenBank accession numbers AY939910
and AY293620, respectively. The full length cDNA of nilgai
andIndianbuffaloIL-4containedopenreadingframe(ORF)
o fs i z e4 0 8b pe a c he n c o d i n gap r o t e i no f1 3 5a m i n oa c i d s .
The molecular weight and isoelectric point of protein were
p r e d i c t e dt ob e1 5 . 0 3 9a n d8 . 7 8 5k D a ,r e s p e c t i v e l y ,i nc a s eo f
n i l g a i ;h o w e v e r ,i nc a s eo fI n d i a nb u ff a l ot h e s ev a l u e sw e r e
f o u n dt ob e1 5 . 1 5 8a n d8 . 9 4 0k D a ,r e s p e c t i v e l y .
A comparison of deduced amino acid sequences is
provided in Figure 2. Multiple sequence alignment revealed
conserved leader sequence of 24 amino acids and a potential
N-linked glycosylation site, that is, Asn-Thr-Thr at positions
64–66. Cys (C) residues at positions 13 and 17 in the signal
peptide were found to be conserved except in dog and cat for
the17thposition.Onesignificantdifferenceisthepresenceof
Gly at position 123 in case of nilgai IL-4 protein, whereas the
Arg 123 residue was conserved across other species.
Comparative nonsynonymous nucleotide substitutions
l e a d i n gt oc h a n g ei na m i n oa c i da td i ff e r e n tp o s i t i o n so f
various species as compared to nilgai are given in Table 1.
Phylogenetic analysis based on the nucleotide and pre-
dicted amino acid (Figure 3) sequences of IL-4 revealed that
the ruminants formed a single cluster indicating their recent
divergence from other mammalian species. The phylogenetic
treeshowedthatnilgaiIL-4wasmorerelatedtocattle,Indian
buffalo, African buffalo, and bison than to other species
sequence included in the comparison.
From the deduced amino acid sequences, similar tertiary
structurewaspredictedforbothIndianbuffaloandnilgaiIL-
4p r o t e i n s( Figure 4).
4. Discussion
IL-4 is one of the key cytokines in Th2 mediated immune
responses,whichhasbeenshowntoregulatetheresponsesof
manyothercytokineslikeIL-1,interferon-gamma,andtumor
necrosis factor-alpha. Several reports are there regarding
human, murine, and domestic animal IL-4 with scanty
reports on wild ruminants. In the present study, nilgai and
Indian buffalo IL-4 cDNA was sequenced, and amino acid
sequences were predicted for the precursor of the protein
in both these species that were further compared with other
sequencesavailableinthedatabase.Uponalignmentofnilgai
IL-4 ORF region sequences with its homologues revealed
maximum similarity with cattle (98.3%) followed by Indian
buffalo (97.5%), sheep (95.6%), goat (93.9%), camel (85.3%),
dolphin (84.3%), pig (81.6%), cat (73.9%), and dog (72.2%).
ThededucedaminoacidsequencesshowedthatnilgaiIL-4is
h i g h l ys i m i l a rt oc a t t l ew i t h9 7 . 8 %m a t c hf o l l o w e db y9 5 . 6 %
with Indian buffalo, 90.4% with goat, and 91.9% with sheep.
One striking difference is the presence of Gly at position
1 2 3i nc a s eo fn i l g a iI L - 4p r o t e i ni n s t e a do fc o n s e r v e d
Arg 123 residue across other species. At this position, the
arginine which is a polar amino acid changed to a nonpolar
neutral amino acid glycine. This could lead to minor changes
in the folding of protein as evident from the predicted
tertiary structure (Figure 4) and cause observed difference
in isoelectric point that may influence the activity of this
cytokine in both the species.
NilgaiandIndianbuffaloaminoacidsequencerevealeda
leader sequence of 24 amino acids, and their mature peptides
are predicted to be of molecular weight 12.44kDa and
12.56kDa, respectively. Similar finding was earlier reported
in cattle [24].
ApotentialN-linkedglycosylationsequenceAsn-Thr-Thr
(positions 64, 65, and 66) is found to be conserved in all
species. Similar findings were also reported in cattle [24]a n d
in human IL-4 [18]. In addition to earlier reported glycosyla-
tionsiteadditionalN-glycosylationsiteswereidentifiedupon
insilicoanalysis(Table 1).Butwhetherglycosylationsoccurin
a l lt h e s es i t e si sn o ty e tt ob ee s t a b l i s h e d .
Sequence analysis also revealed that the Cys (C) residues
at positions 13 and 17 in the signal peptide were found
conserved in all the species except in dog and cat for 17th
position. Similar result was reported on comparison of ovine
a n db o v i n eI L - 4s e q u e n c e[ 33]. N-linked glycosylation sites
a n dC y sr e s i d u e sw e r ef o u n dt ob el o c a t e di nt h es a m e
position in all species. This observation suggests that this
region is highly conserved in all the species and may play
an important role in determining tertiary structure and
functional integrity of the cytokine.
It was observed that 3
򸀠 U T Ro fI L - 4g e n ec o n t a i n sA + T
richstretcheswhichincludebothtandemrepeatsofTAATor4 The Scientific World Journal
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Alignment report of predicted IL4 amino acid sequence of nilgai with other species
Figure2:AlignmentofpredictedaminoacidsequenceofnilgaiIL4withdifferentspecies.Identitytothenilgaisequenceisindicatedbyadot
and differences by the corresponding one-letter symbol of the amino acid. Gaps introduced for optimal alignment are indicated by dashes.
The conserved leader sequence is underlined; N-glycosylation site is highlighted. One amino acid present in nilgai but replaced in all others
is marked with a rectangle.
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Figure 3: Phylogram illustrating the evolutionary relationship of nilgai and Indian buffalo IL-4 amino acid sequences with other species.
The phylogenetic tree was constructed using neighbour-joining analysis. Numbers represent bootstrap values (given as percentages) for a
particular node. 1000 replicates were used in bootstrap analysis for good statistical support. The branch lengths are scaled to represent the
relativenumberofsubstitutionsoccurringalongeachbranch.Thescalebarindicatesanevolutionarydistanceof0.02aminoacidsubstitutions
per site for a unit branch length.The Scientific World Journal 5
Table 1: Possible N-glycosylation sites and amino acid substitutions in various species with respect to nilgai IL4 protein.
Species Possible N-glycosylation sites in IL4 Nonsynonymous nucleotide substitution leading to amino acid
change with position with respect to nilgai IL4 Total number Position (s)
Nilgai 01 62 Taken as standard for comparison
Cattle 01 62 A22V, A72V, G123R
African buffalo 01 62 A22V, A72V, G123R
Indian buffalo 01 62 F21L, A22V, A72V, A101V, S113G, G123R
Goat 02 62 and 96 Y5S, V10A, A22V, A32E, T37M, T43S, R44Q, T63A, S82N, T84M,
N98S, K118R, G123R
Sheep 02 62 and 96 Y5S, V10A, A22V, A32E, L38P, T43S, R44Q, V53A, T63A, A72T,
T84M, N98S, K118R, G123R, K129R
Pig 03 62, 96 and 102
Y5S, V10T, V16A, H20N, A22V, A32Q, T43A, A54T, K61E, G73S,
I74T, E75V, R78H, S82H, L96M, N97K, K98S, F99L, G91S, N98S,
L100M, S102N, K103M, N108H, L120F, G123R
Red deer 02 62 and 96 Y5S, V16A, A22V, A32E, T43A, F69L, K98R, G91S, G92R, N108S,
S109G, D119N, G123R
Camel 04 62, 96, 102 and 108
P9S, V10T, H20N, A32Q, I40T, P52T, R71K, G73A, I74T, E75A,
R78H, S82H, T84N, N87S, F89H, G90S, N98S, S99G, S102N,
K103T, E109D, A110S, K118R, L120F, G123R, T126K
Giraffe 02 62 and 96 V16A, A22V, C27R, A32E, T43A, G73A, I74T, T84M, K98R, G91S,
N98S, E109G, G123R
Bison 01 62 A22V, A72V, G123R
Llama 04 62, 96, 102 and 108
Y5S, V10T, H20N, A32Q, I40T, T43A, P52T, R71K, G73A, I74T,
E75A, R78H, S82H, T84N, N87S, F89H, G91S, N98S, S99G, S102N,
K103T, E109D, A110S, K118R, L120F, G123R, T126K
C a t 0 6 2 8 ,4 5 ,6 2 ,8 4 ,9 6a n d1 0 2
G2D, Y5S, V10A, V16A, C17F, H20T, A22V, H25Q, K26N, C27F,
D28N, I29N, A32K, T43A, K45N, N46D, P52T, A54M, F57L, T64S,
E65D, T68I, G73T, I74T, E75V, R78Q, R81T, T84N, L86S, N87T,
G91K, S92H, N98S, L100M, S102N, K101R, A110V, S115C, L120F,
G123R, T126A, K129Q, E130K, C135H
Dog 06 28, 45, 62, 83, 95 and 101
Y5S, V10A, V16A, C17L, H20T, A22V, K26N, C27F, D28N, L31I,
A32K, T37M, T43A, K45N, N46D, P52T, A54K, A58T, T64S,
E65D, T68I, G73A, I74T, E75V, R78Q, R81T, T84N, L86S, K88R,
F89Y, G91R, D94Y, N98S, L100M, S102N, V107M, A110I, L120F,
G123R, T126V, K129Q, E130K, S133Y, K134R, C135H
Bottle-nosed dolphin 03 62, 96 and 102
Y5S, V10M, V16A, H20N, A22V, I29V, A32Q, T43A, R44K, S47L,
A54E, A59T, P60T, I74T, E75V, R78H, S82H, T84K, L86F, K98Q,
F99P, G101S, D104H, N108S, L110M, S112N, K113M, L120F, G123R,
T126M
ATTTAandalsothepolyadenylationsignalsequence.Similar
observations were earlier reported in cattle and human
[18, 24].
Findingsofphylogramthatruminantsformacluster,and
nilgai IL-4 is evolutionarily closer to buffalo and cattle than
other mammals studied, were also corroborated previously
on different cytokines of nilgai, that is, in IL-2 [34]a n dI L - 1 8
[35].
A comparative analysis on nonsynonymous nucleotide
substitutions leading to change in amino acid at different
positions of various species as compared to nilgai is given
in Table 1.I ns p i t eo fs i xv a r i a t i o n si np r e d i c t e da m i n o
acid sequences, the tertiary structure predicted for both
Indian buffalo and nilgai IL-4 proteins was nearly the same
(Figure 4). It is evident that both these modeled proteins
fall under 4-helical cytokines superfamily and short-chain
cytokine family. Since 81% of the amino acid sequences
submitted have been modeled with 100% confidence by the
single highest scoring template, few alterations in amino acid
between two species did not result in change in the predicted
structure of the protein.
5. Conclusion
This comparison of nilgai and Indian buffalo IL-4 precursors
w i l lb eu s e f u lt oc o r r e l a t et h em o l e c u l a ra s p e c to fi m m u n i t y
in wild and domestic ruminants.
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